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ABSTRACT

This report is concerned with multichannel fuze systems in which
the channels (component fuzes) are statistically identical, i.e., all
have the same probability of early actuation and all have the same proba-
bility of dudding (defined as either non-function or late function).
Explicit formulas are developed and numerical values are tabulated for
the probability-of system proper function, early function and dudding,
for all possible series and/or parallel fuse configurations of n identical
channels, where n = 2, 3, 4, 5. Formulas are also developed for selecting
the optimum confixuration so as to maximize the average probability of
system proper function when the probabilities of system early function
and system dudding are assigned various weights.
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THE RELIABILITY OF SERIES-PARALLEL MULTICHANNEL FUZE SYSTEMS

INTRODUCTION

The objective of this report is to investigate the improvements in
fuze reliability that may be expected by the use of multichannel fuze systems.
Considerable interest has been shown in ordinary parallel and series systems
(references (l)-(5)) but no complete analysis of the reliability of fuze
systems consisting of both parallel and series channels has been given. As
is easily seen, the complexity of such an analysis increases as the number
of channels (component fuzes) increases; consequently, this report is
concerned primarily with systems which contain at most five component fuzes.
Other reports by the same author, which consider the more general situation,
are in process of being published (references (6) and (7)).

ASSUMPTIONS AND NOTATION

It is assumed in this report that the reader is familiar with the basic
concepts of probability theory and the fundamentals of multichannel fuze
systems. The nomenclature is basically that of reference (5). The term
"fuze" refers to the target detecting device and the term "channel" refers
to any of the component fuzes which individually respond to the influence
of the target and jointly determine the instant of detonation. Consider for
example a fuze system composed of two parallel subsystems each consisting
of two component fuzes in series. Electrically there are only two channels.
In a more general sense, however, there are four physical channels through
which the presence of the target is detected. The term channel is used in
this report in the latter sense, to refer to any of the component target
detecting devices regardless of their role in the electrical circuit.

By "function" (or "actuation") of a single channel is meant the occurrence
of an output signal from the channel which the fuze system combines with
other channel output signals to determine whether to detonate the warhead or
not, i.e., whether the system as a whole should function or not. In the
systems under consideration, system function is assumed to occur only as a
result of the previous function of certain individual channels or combinations
of these. A channel is assumed to be capable of at most a single function
which, if it occurs, is recorded in the system memory. The analysis considers
only systems with infinite memory times.

With a single fuze channel we associate a probability of early function,
a probability of proper function, and a probability of dudding (defined to
be either non-function or late function), and the sum of these probabilities
is required to be equal to one. Similarly, we associate probabilities of
the same three types with the system itself. All channels are assumed to be
completely independent of each other in the sense that actuation, or failure
to actuate, of any channel does not affect the operation of any other channel
in the system. The assumption of independence in this sense is perhaps not
entirely practical since it would imply independent antennas, detonators,
etc., but the complexity of the problem compels us to make this assumption.
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In order to refer quickly to different multichannel fuze systems we
must introduce some type of convenient notation to describe the system
under consideration. If X and Y are two fuze systems, then by XpY we mean
that the two systems are arranged in parallel, and by XsY we mean that the
two systems are arranged in series. However, if X and Y each consist of
one fuze channel, then XpY becomes lpl, which denotes two fuze channels in
parallel, and XsY becomes lIl, which denotes two fuze channels in series.
Thus lpl corresponds to the configuration : and lsl corresponds

to the configuration-0--0-- . In Table I the reader will find a complete
list of fuze configurations in both diagram and notational form for the
cases n = 3, 4, 5, where n is the number of channels in the particular fuze
system.

Parallel systems are characterized by the property that a prescribed
minimum number of channels must actuate in order to have system actuation
or function. If the system consists of n channels of which at least k
channels must actuate in order for the system to actuate, the system is
called a (k, n) system. In order to include this minimum requirement for
actuation of parallel systems we must modify the notation slightly. We make
the convention that whenever the system consists of channels or subsystems
in parallel, with a minimum requirement of at least k channels or subsystems
actuating, we write "-k" after the indicated notation, i.e., lplplpl- 3

denotes four parallel channels of which at least three are required to function
in order to have system function. A further example is given by (lsl)pl-l
which corresponds to the diagram where at least one of the two

subsystems -O---O- and -0- is required to function in order to have the
entire system function. Whenever k = I is the only possibility for a given
system, the inclusion of k in the notation for the system will be omitted.
For example, (lsl)p(lsl)-l is a valid system, but (lsl)p(lsl)-2 is effectively
the same system as lslslsl and is therefore redundant; hence, for convenience,
we write (lsl)p(lsl) instead of (lsl)p(lsl)-l. Furthermore, in all systems
of five fuzes we assume k = I unless otherwise specified.

RELIABILITY OF SERIES-PARALLEL SYSTEMS

We make the following conventions in terminology:

P = probability of proper function of the system.

E = probability of early function of the system.

D = probability of dudding of the system.

p = probability of proper function of a single channel.

e = probability of early function of a single channel.

d = probability of dudding of a single channel.

For the remainder of this report we assume that the individual channels
in any given system are identical in the probability sense, i.e., all
p's are equal, all e's are equal and all d's are equal. For
a system with n such channels arranged in series we have
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n -1

p n) p n -j ej = (1 -d)n -e (1)

E =en (2)

D I -(1 -d)n (3)

For a (k, n) system with identical channels we have
n n

P 1 - j~ 'i ej(l _e)ni- j n-l (n~ dj (I -d )n-i (4)

n

E '(1 -e )n - (5)

D Z :E n) dj (1 -d )n- (6)
J~n-k+l

In Tables 2 to 5 these probability formulas are given explicitly for
every possible series and/or parallel fuze configuration of n identical channels,
for the cases n = 2, 3, 4, 5. In Tables 6 to 17 will be found numerical
values of P, E, and D for given values of e and d, for identical-channel fuzes.
No tables are given in this report for systems involving non-identical channels;
however tables have been developed through the use of an IBM 7070 computer.
for configurations involving two non-identical channels. The reliability
of dissimilar-channel fuzes may be calculated by recursion formulas given
in reference (6).

OPTIMUH CONFIGURATIONS

In comparing various multichannel fuze systems it is sometimes desirable
to select a system in which the probability of early function is of prime
importance and the probability of dudding of the system is secondary, or
vice-versa. Thus, a logical method of selection would be to assign weighting
factors to each of these probabilities and to determine a weighted probability
of proper function for given values of E and D (or for given values of e and
d if the channels are identical). In this manner we are able to make a
reasonable comparison between multichannel fuze systems and, consequently,
are able to select a fuze system that is optimum with respect to these
weighted probabilities.

Considering now only multichannel fuze systems in which the channels
are identical in the probability sense, i.e., having the same e's and d's,
let us define the following quantities:

WE = weighting for the probability of early function, and

WD = weighting for the probability of dudding, where

WE + WD = 2. (7)

Thus, for the weighted probability PW of system proper function we define
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PW = 1 -W E E -WD.D. (8)

From equations (7) and (8) we also obtain

PW = E -WE.E -(2 -WE)D = 1 -WE (E -D) -2D and

PW = 1 -(2 -WD)E -WD.D = 1 -WD(D -E) -2E.

If we weight E and D equally, i.e., if WE = WD = 1, then we obtain PW = i -E -D,
which we recognize as the probability of proper function in general.

The expressions given above for PW refer to a particular pair of values
of e and d. If it is desirable to compare multichannel fuze systems for
not only one (e, d) pair but for all possible (e, d) pairs as e and d range
through a given finite set of values, then we define P,,, the average system
proper function probability over the intervals Oie.ag 1 and OS'd _b!<l,
by the equation

0e< P W O (WE'E + WD"D)

0 _a O•- a

- 0W 0d!b - N 0 l d b
W N N

where we sum over a given finite number N of (e, d) pairs for which 0--eSa
and 05d-b.

In Tables 18 to 22, numerical values of PW are given for multichannel
fuze systems of n channels for the cases n = 2, 3, 4, 5 over the five
(e, d) intervals:

The probabilities e and d are incremented in steps of 0.05. The weighting
patterns are defined by setting WE = 1.5, 1.33, 1.0, 0.67 and 0.5 in
equation (7). The results are discussed in the conclusions of this report.

In reference (5) it was shown that for a fuze consisting of n channels
in parallel, of which at least k channels must function in order to have
fuze function, the maximum reliability, i.e., probability of fuze proper
function, is obtained when we select k according to the condition

n+ for n odd

k 
2

{R orf + I for n even.1 .2 2

From equations (5) and (6) we have
n

E(x) n) xj (I -x) n-j (9)
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and

n

D(x) = 4 () xj (1 -x)n -j (10)

J =n- k+ I

Hence, when n is odd and we select k such that k = n , we observe that
2

E(x) = D(x), where, in particular, E(e) = E and D(d) = D. Furthermore, for

n odd and k ,n+ P is independent of W and W when e and d range over
2' W E D

the same intervals. Finally, suppose n is even. If k - n , let Pn, En, Dn
2 2

be the probabilities associated with the system for which k = n.

if k = n ++, let Pn En D+ +1 be the probabilities associated with the2 +2 -a +1' - +
22 2 2

system for which k = n +1. From equations (5) and (6) we have
2

n

En Y' n~ ej (1 -e )n (11)
22-j =iR

n

Dn E n ~ l ( dj (1 -d)n -j (12)

2

n

En+1 Z ej (1 -e) n -j (13)

2 j =n+1
2

n

Dn +I d (1 -d)n (14)

2 j n
2

Hence, from equations (11) to (14) we see that

En e n (1 -e( ) +Ea +1 (15)
2 2 2

= Dn +1 n d (i d ; (16)

2 2



consequently,

when WE>WD9 P + Pn n

2 2

when WE = W, P =D n 1  n'

2 2

and when WE<WD, P n
2 2

provided e and d range over the same range of values. Therefore, when
system early function is more important (in the sense of a heavier weighting)

than dudding, the choice k = 1 +1 provides a higher average system proper
2

function probability; similarly, when system dudding is more important than
system early function, the choice k = R provides a higher average
system proper function probability. 2

CONCLUSIONS

It is obvious from the formulas associated with such systems, as it
is intuitively, that series systems minimize early function and parallel
systems minimize dudding; however, the results of Tables 18 to 22 show that
no parallel and series combination system does both. Furthermore, we
have shown that for systems consisting of two, three, four, and five channels,
certain ordinary parallel systems are more desirable with respect to
reliability than any parallel and series combination of the same number of
component fuzes. Using the criteria of the preceding section, we have
listed in Table 22 the optimum n-channel system(s) for the cases n = 2, 3, 4, 5.

From this table we may conclude that a system consisting of five identical
channels in parallel, of which at least three must function in order to have
entire system function, is optimum with respect to reliability.

It has been observed in reference (5) that in a parallel system of n
identical channels in which the probability of system early function equals
the probability of system dudding, the maximum reliability increases as
n increases from even to odd but remains constant as n increases from odd
to even. As a consequence of our earlier discussion with regard to weightings,
the preceding statement is also independent of the weightings for the early
function and dudding probabilities. Furthermore, if E, the probability of
system early function and D, the probability of system dudding, are weighted
equally, then, as a consequence of the above results from reference (5),
the average system proper function probability increases as n increases from
even to odd but remains constant as n increases from odd to even, provided
e (the probability of individual fuze channel early function) and d (the
probability of individual channel dudding) range over the same finite set
of values. This is not necessarily true, however, when E and D are assigned
unequal weights, as may be seen from Table 23 and Fig. 1 to 5, which present
the average probability of proper function, P for a(k, n) system of
identical parallel channels, for values of n Yrom 3 to 9 and selected values
of k.
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Table 1. Notation and Schematic Diagrams

ls( ls~s'l-O4 E lp~lslp-l-.
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n= 5

(t(1p1)s1] pllsl)-.*-4

I(lss~~s)*-b

(lsl~p] (Inl]llp -ap

E~ls~ pl lsl-*---A--[(Ip~ sll pl8



[(is i)plp] [s(Ipl)Slsl]p -.

[PIlpl)s(lpl )] [ -* ( isl)p(lsl )] sl4*
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Table 2

n= 2

Probability (P) of Probability (E) Probability (D)
Proper Function of Early Function of Dudding

lsl P=(l-d)2 -e E=e2 D=l-(l-d) 2

lpl-1 P=(l-e) 2d2 E=l-(l-e) 2  D=d 2

Table 3

n= 3

Islsl P=(l-d) 3 -e 3  E=e 3  D=l-(l-d) 3

lplpl-I P=(l-e) 3-d3 E=l-(l-e)3 D=d 3

lplpl-2 P=l-3e 2+2e 3-3d 2+2d3 E=3e 2-2e3 D=3d 2-2d3

(Ipl)sl P=l-2e 2+e 3-d-d 2+d3 E=2e 2-e3 D=d+d 2-d3

(lsl)pl P=l-e-e 2+e 3-d2+d3 E=e+e 2-e3 D=2d 2-d3

Table 4

n=4
44n 4 4

lalslsl P=(l-d) 4-e4 E=e4 D=l-(l-d)4

2plplpl-I P=(l-e)4-d4 E=-(l-e) 4 D=d 4

lplplpl-2 P=l-6e 2+8e 3-3e 4-4d 3+3d4 E=6e 2+3e 4-8e3 D=4d 3-3d4

lplplpl-3 P=l-4e 3+3e 4-3d 4+8d 3-6d2  E=4e 3 -3e 4  D=6d 2-8d 3+3d4

(lpl)s(lpl) P=l-4e 2+4e 3-e 4-2d 2+d4 E=4e 2-4e 3+e4 D=2d 2-d4

(8sl)p(lsl) P=l-2e 2+e -4d 2+4d 3-d4 E=2e 2-e4 D=4d 2-4d 3+d4

(lslsl)pl P=l-e-e 3+e 4-3d 2+3d 3-d4 E=e+e 3-e D=3d 2-3d 3+d4

(lplpl)sl-l P=l-3e 2+3e 3-e 4-d-d 3+d4 E=3e 2-3e 3+e4 D=d+d 3-d4

(lplpl)sl-2 P=l-3e 3+2e 4-d-3d2 +5d 3-2d4 E=3e 3-2e4 D=d+3d2 5d 3+2d4

(lpl)slsl P=l-2e 3 +e 4-2d+2d 3 -d 4  E=-2e 3 -e 4  D=2d-2d 3 +d 4

(lsl)plpl-l P=l-2e+2e 3-e 4 _-2d 3 +d4  E=2e-2e 3+e 4  D=2d 3 -d 4

(lsl)plpl-2 P=l-e 2-2e 3+2e -5d 2+6d 3-2d4 E=e 2+2e 3-2e4 D=Sd 2-6d 3+2d4

lp [ls(lpl P=l-e-2e 2+3e 3-e 4-d 2-d 3+d4 Ee+2e 2-3e 3+e4 D=d 2+d 3-d4

Is [lp(lsle P=l-2- e3+e 4-d-2d 2+3d 3-d4 E=e 2+e 3-e4 D=d+2d -3d 3+d4

10



V) Vr V)

-0 0]. r It, 'I -C) -0t C)4.
-1 C] V 0 +-C C C )C V- at - L r

c+ + V V-t 'Ct a' v .] m ]. A" -*) -4 IV 4 f
-C t ]c -Ct Ct, -0 a~ n C) I VC)m -ft (c) ('n aV

4j C Ir. V) -0 1(4.] -I N M' Vo A C-4(' M.I I au. Vr V0 '.]a -t
-,4 - rl LrA 0 c) lo. VcC N I C )J 4 -t U.] l m (.-Ct 1 0 CfD oV

'o C- T 0 1 'a VY r) I~' C] Cu. ' Na I 1 10 1 ILr] I ' N
-'40 in I 4 In '( a' V C VC- ,C V o C44 c'.cj cn C 1 ('I N VN Vo
-Q 1 (' N I-t T a I + C)V I N V0 ? Vu m Vu ' 10 Va V Nu C

co .- " '0t V a oV VN cI' N (CN ' -M I" 4' " c1 CA A ~C'C -t fl V

0 - 0 V e (4] - '- 0 C'] N a ICt N1 (Cl N" m' c'] V V N V

0ý4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0r r

a)) Q )w

0) Cr) wC <T 0n a)
10.~ + a'q Crv 11 a)) In

+)! + o a)w IC] +r +r I! + -C -. + --
m ] V) m a)I I) -4 .4- -4 1, (. a ) 4 w

+4 +0 -Ct MC 4 A + w I + I)1 4 w) -CI (C a) ] +t
+ 44) a - Ct - If. I (U 0 UC) 4]) I -4-f. W4 W ) a) -Ct0 o

"4 ~ ~ ' 0 (Crl n4 Cn!] VCrC C'] ) W (n t N' ) a CCt C] ' ) U) a
C14 I I 0 ) a ) I ! ' ) 0CC a + I I 0) I I I I r NC, I

1 I3 WC I0I ac] ) a ' N C14 (Cc-.0 -t CN C'4! M C4 t I " ) I ad
+ "- I a) 4 I Q) I t n I Q) a) w) " I ) ') a nN

cv --- a v I)-t N1 W] 4N ' 0Ct 4! 1 + C-4 N c! + c] a
I 0 w) a + a)N a) a) 0 + a) (1) U] w)! ) 0 + +N 4 )

0 a) - 4 -C C] -4 a 0 Q) N n Ml U j m! N C] 1) N4 N w) 0 a) w ) c Nc a, (1)
114 I I I I I I I I I C It 11 11 11 If 11 11 it ti 11 11 It 11 11 11

VrC (C) CrC U.]
Vr] Vr V Va VLr Cr] V4

"V '0 a I i a a V rw CCI (C] Cr] In

-4 1 -Itt <rt It 'C r] I I aV"V V V0 V
+ + Cfn 1.] V a V a VaC V 1 I- t VI +CC CC] 4-) + Cr + r) 1I

-C -1 a] VC] V0 V0 NA c + V0 4 + V V +C VI V-a mC V -Ct ICt
,a V] V Va V + + + +cr m .I -1 C N1 c1-) V'II + 0 V cV
CC] '. Cf. + +Cr -t C] C' V0 + V) V + + VI I-C It I en1 C m! CN

I + -4- '1 t V1 Vo V V NC' Nl C .M ! M' Vn VN In V0 V0 041 +
Cr] m' I V VC I VCC + I + V0 1 1 V ýV V a C Nr " d! N0 mCC! N4

a ) IC I N ý IN N CN .411] CM I ('C! M 4- + I a I I Vc V

+4- -4 Il NCm Va'] a) + IN C)-C 4 ) -r N N ) -N 1 N

0 0) 1 04 V) '0 r) aC wC -1 +) V IN c4, r 4 V -Ct 4o V"
o)C U) + Q) 4 ( +N V) V) V IC C! V NV t V a ~f] a ' + a )L

-4 0 V-Ct N c- l I I w ") 1 Q ) I Itt I V)) C Va I
14 1 w 01 0) VI)'-t -4 t C +(! 4-]!. N Vn rCCCl I I I VC I o) -41

(n'4 ' -Ct 4 -C CC] I a) w) w)! M ) Vt: a) +4 0C' UJ-4) M C'] IC I I
(1 ) a1 L) I enI 4r I C C'] N U- 4 I aw N Cm- IC'] I a) I a) Q)CC V ) V- ct C!

>1C. CC CC V 0 CCn C C+ CC1] a - "-- N IF4C a)Cf Cr1. C] '0 a) lo I) a -f
Q4 ) V0 N4 4 a) a) w) w) +Cr M . 0n + N c .In 1 U] + 4 -4- + 1-r Nn 04 C!
I I + 4 -4 '0 + acl ] a)) 0) -CN w) a) 1-] 4N N(1n N ICt N U] 4

-Its If] CAN C!] 4n + It a) (U + + a3) N" +- 4 ) .4t - a) 4 a) a) IN N"Q - ) Q) -t CN w N IN N4(1 clC 0 4 -+ 1 ±n + ) IN N1 04 ] m -41 m 0) I
.0a V6 3 Q C)00 Q) al] I a)N a)4 U 0D ) I a) w) a) 4) I a,, ) 0) 1 N I' a) c 1 C04
co w I I1 - -4 CC] I a) '0 w) N C'] It 0) m! N C! N T) a)1 "1Na) a.a C 4 - I f I I I I I T T T T 4

o4 0L4 Pk 0 4 P P4 - 04 . -ýP6 4 N -4 64- A 4 -L Ok 4 P 4 P4 -L4 P4 a-4 04 -4 .-C -14 A

.4 w.. m 0. im ( m C
t- ~ 06 w) -* - -4 -4 - -4 -4 -

v) P M M 4 -CL4 '4 -M I -4 wI w Ia . Ia. w .
.4 N C' . ~.. 0 U C% . ] -m4 CL w4 -4 -4 f '.I.,---,---i-4 4 - 4

U I CL 06 M CL -4 -CL ] 0 4 4 0 U ] 0 ] 0- 'I4I4 . U



Table 6. Probability of Proper Function

n= 2

e d pl- 1  isl

0 0 1.000 1.000
.05 .997 .902
.1 .990 .810
.15 .977 .722
.2 .960 .640
.25 .937 .562
.3 .910 .490

.05 0 .902 .997
.05 .899 .899
.1 .892 .807
.15 .879 .719
.2 .862 .637
.25 .839 .559
.3 .812 .487

.1 0 .810 .990
.05 .807 .892
.1 .800 .800
.15 .787 .712
.2 .770 .630
.25 .747 .552
.3 .720 .480

.15 0 .722 .977
.05 .719 .879
.1 .712 .787
.15 .699 .699
.2 .682 .617
.25 .659 .539
.3 .632 .467

.2 0 .640 .960
.05 .637 .862
.1 .630 .770
.15 .617 .682
.2 .600 .600
.25 .577 .522
.3 .550 .450

.25 0 .562 .937
.05 .559 .839
.1 .552 .747
.15 .539 .659
.2 .522 .577
.25 .499 .499
.3 .472 .427

.3 0 .490 .910
.05 .487 .812
.1 .480 .720
.15 .467 .632
.2 .450 .550
.25 .427 .472
.3 .400 .400
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Table 7. Probability of Early Function

n - 2

e pl-l Isl

0 .000 .000
.05 .098 .003
.1 .190 .010
.15 .278 .023
.2 .360 .040
.25 .438 .063
.3 .510 .090

Table 8. Probability of Dudding

n= 2

d ip l -I Ila

0 .000 .000
.05 .003 .098
.1 .010 .190
.15 .023 .278
.2 .040 .360
.25 .063 .438
.3 .090 .510
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Table 9. Probability of Proper Function

n=3

e d Islsl (Iplpl)-I (Iplpl)-2 (Ipl)sl (Isl)pI

0 0 1.000 1.000 1.000 1.000 1.000
.05 .857 1.000 .993 .948 .995
.1 .729 .999 .972 .891 .981
.15 .614 .997 .939 .831 .958
.2 .512 .992 .896 .768 .928
.25 .422 .984 .844 .703 .891
.3 .343 .973 .784 .637 .847

.05 0 1.000 .857 .993 .995 .948
.05 .857 .857 .986 .943 .943
.1 .729 .856 .965 .886 .929
.15 .614 .854 .932 .826 .906
.2 .512 .849 .889 .763 .876
.25 .422 .842 .837 .698 .838
.3 .343 .830 .777 .632 .795

.1 0 .999 .729 .972 .981 .891
.05 .856 .729 .965 .929 .886
.1 .728 .728 .944 .872 .872
.15 .613 .726 .911 .812 .849
.2 .511 .721 .868 .749 .819
.25 .421 .713 .816 .684 .782
.3 .342 .702 .756 .618 .738

.15 0 .997 .614 .939 .958 .831
.05 .854 .614 .932 .906 .826
.1 .726 .613 .911 .849 .812
.15 .611 .611 .879 .789 .789
.2 .509 .606 .835 .726 .759
.25 .419 .599 .783 .662 .722
.3 .340 .587 .723 .595 .678

.2 0 .992 .512 .896 .928 .768
.05 .849 .512 .889 .876 .763
.1 .721 .511 .868 .819 .749
.15 .606 .509 .835 .759 .726
.2 .504 .504 .792 .696 .696
.25 .414 .496 .740 .631 .659
.3 .335 .485 .680 .565 .615

.25 0 .984 .422 .844 .891 .703
.05 .842 .422 .837 .838 .698
.1 .713 .421 .816 .782 .684
.15 .599 .419 .783 .722 .662
.2 .496 .414 .740 .659 .631
.25 .406 .406 .688 .594 .594
.3 .327 .395 .628 .528 .550

.3 0 .973 .343 .784 .847 .637
.05 .830 .343 .777 .795 .632
.1 .702 .342 .756 .738 .618
.15 .587 .340 .723 .678 .595
.2 .485 .335 .680 .615 .565
.25 .395 .327 .628 .550 .528
.3 .316 .316 .568 .484 .484
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Table 10. Probability of Early Function

n=3

e lslsl (lplpl)-i (Iplpl)-2 (lpl)sl (Isl)pl

0 .000 .000 .000 .000 .000
.05 .000 .143 .007 .005 .052
.1 .001 .271 .028 .019 .109
.15 .003 .386 .061 .042 .169
.2 .008 .488 .104 .072 .232
.25 .016 .578 .156 .109 .297
.3 .027 .657 .216 .153 .363

Table 11. Probability of Dudding

n = 3

d isl l (lplpl)-l (Iplpl)-2 (lpl)sl (lsl)pl

0 .000 .000 .000 .000 .000
.05 .143 .000 .007 .052 .005
.1 .271 .001 .028 .109 .019
.15 .386 .003 .061 .169 .042
.2 .488 .008 .104 .232 .072
.25 .578 .016 .156 .297 .109
.3 .657 .027 .216 .363 .153

15
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Table 15. Probability of Proper Function

n- 5

ý4 -4C 0-

I~ 1- 0. U '% -

a. Q. CL -4 -4 -4
In' ~ 4 0. CO go *. 0 -4 '.L 0.
to CL 96 I 4 .-4 a- 94% . '4 . U 0.4

'.4 .4 - .4 4 0.6 0 'ý.. 'S- ... .4 -
U 06 0 00. a. .-4 ... to.5.4 .. i 0. 0 4 -

e d .0 .ý 4 .4 4 .4 0. U4 -' '-. U .-. -' 4 -4 44

0 0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1
.05 .774 1.000 1.000 .999 .977 .950 .991 .997 .986 .993 .995 .945 1.000 1.000 .855 .902 1.000
.1 .590 1.000 1.000 .991 .919 .900 .966 .989 .949 .971 .979 .882 .996 1.000 .722 .809 .997
.15 .444 1.000 .998 .973 .835 .850 .928 .974 .893 .937 .953 .812 .988 .999 .600 .720 .991
.2 .328 1.000 .993 .942 .737 .799 .882 .952 .824 .891 .916 .737 .974 .997 .492 .635 .980
S25 .237 .999 .984 .896 .633 .747 .829 .923 .747 .835 .870 .659 .952 .993 .396 .554 .964

•.3 .168 .998 .969 .837 .528 .694 .772 .885 .665 .771 .815 .580 .922 .986 .312 .477 .941
.05 0 1.000 .774 .977 .999 1.000 .991 .950 .986 .997 .995 .993 1.000 .945 .855 0 1.000 1.000 .902 1

.05 .774 .774 .977 .998 .977 .941 .941 .983 .983 .988 .988 .945 .945 .855 .855 .902 .902

.1 .590 .774 .977 .990 .919 .891 .916 .975 .946 .966 .972 .882 .942 .855 .722 .809 .900

.15 .444 .774 .975 .972 .835 .840 .878 .960 .890 .932 .946 .812 .934 .854 .600 .720 .894

.2 .328 .773 .971 .941 .737 .789 .832 .938 .822 .886 .909 .737 .919 .852 .492 .635 .883

.25 .237 .773 .962 .895 .633 .738 .779 .909 .744 .830 .863 .659 .897 .848 .395 .553 .866

.3 .168 .771 .947 .836 .528 .685 .722 .872 .662 .766 .808 .579 .867 .841 .312 .476 .843
.1 0 1.000 .590 .919 .991 1.000 .966 .900 .989 .989 .979 .993 .996 .882 .722 1.000 .997 .809

.05 .774 .590 .919 .990 .977 .916 .891 .946 .975 .972 .966 .942 .882 .722 .855 .900 .809

.1 .590 .590 .918 .983 .918 .866 .866 .938 .938 .950 .950 .878 .878 .722 .722 .806 .806

.15 .444 .590 .916 .965 .835 .815 .828 .923 .882 .916 .924 .809 .871 .721 .600 .717 .801

.2 .328 .590 .912 .934 .737 .764 .782 .901 .813 .870 .888 .734 .856 .719 .491 .632 .790

.25 .237 .590 .903 .888 .632 .713 .729 .871 .736 .814 .841 .656 .834 .715 .395 .551 .773

.3 .168 .588 .888 .828 .528 .660 .672 .834 .654 .750 .786 .576 .804 .708 .312 .474 .750
.15 0 1.000 .444 .835 .9 .9.098 .928 .850 .893 .974 .953 .937 .988 .812 .600 .999 .991 .720

.05 .774 .444 .835 .972 .975 .878 .840 .890 .960 .946 .932 .934 .812 .600 .854 .894 .720

.1 .590 .444 .835 .965 .916 .828 .815 .882 .923 .924 .916 .871 .809 .600 .721 .801 .717

.15 .444 .444 .833 .947 .833 .778 .778 .867 .867 .890 .890 .801 .801 .599 .599 .711 .711

.2 .328 .443 .828 .915 .735 .727 .731 .845 .799 .844 .853 .726 .786 .597 .491 .626 .701

.25 .237 .443 .820 .870 .631 .675 .679 .816 .721 .788 .807 .648 .764 .593 .395 .545 .684

.3 .168 .441 .804 .810 .526 .623 .622 .778 .639 .724 .752 .568 .734 .587 .311 .468 .661
.2 0 1.000 .328 .737 .942 .993 .882 .799 .824 .952 .916 .891 .974 .737 .492 .997 .980 .635

.05 .773 .328 .737 .941 .971 .832 .789 .822. .938 .909 .886 .919 .737 .492 .852 .883 .635

.1 .590 .328 .737 .934 .912 .782 .764 .813 .901 .888 .870 .856 .734 .491 .719 .790 .632

.15 .443 .328 .735 .915 .828 .731 .727 .799 .845 .853 .844 .786 .726 .491 .597 .701 .626

.2 .327 .327 .731 .884 .731 .681 .681 .777 .777 .807 .807 .711 .711 .489 .489 .615 .615

.25 .237 .327 .722 .839 .626 .629 .628 .747 .699 .751 .761 .633 .689 .485 .393 .534 .599

.3 .168 .325 .706 .779 .522 .576 .571 .710 .617 .687 .706 .554 .659 .478 .309 .457 .576
.25 0 .999 .237 .633 .896 .984 .829 .747 .747 .923 .870 .835 .952 .659 .396 .993 .964 .554

.05 .773 .237 .633 .895 .962 .779 .738 .744 .909 .863 .830 .897 .659 .395 .848 .866 .553

.1 .590 .237 .632 .888 .903 .729 .713 .736 .871 .841 .814 .834 .656 .395 .715 .773 .551

.15 .443 .237 .631 .870 .820 .679 .675 .721 .816 .807 .788 .764 .648 .395 .593 .684 .545

.2 .327 .237 .626 .839 .722 .628 .629 .699 .747 .761 .751 .689 .633 .393 .485 .599 .534

.25 .236 .236 .617 .793 .617 .576 .576 .670 .670 .705 .705 .611 .611 .389 .389 .518 .518

.3 .167 .235 .602 .733 .513 .523 .519 .633 .588 .641 .650 .532 .581 .382 .305 .441 .495
.3 0 .998 .168 .528 .837 .969 .772 .694 .665 .885 .815 .771 .922 .580 .312 .986 .941 .477

.05 .771 .168 .528 .836 .947 .722 .685 .662 .872 .808 .766 .867 .579 .312 .841 .843 .476

.1 .588 .168 .528 .8 .8.889 .672 .660 .654 .834 .786 .750 .804 .576 .312 .708 .750 .474

.15 .441 .168 .526 .810 .804 .622 .623 .639 .778 .752 .724 .734 .568 .311 .587 .661 .468

.2 .325 .168 .522 .779 .706 .571 .576 .617 .710 .706 .687 .659 .554 .309 .478 .576 .457

.25 .235 .167 .513 .733 .602 .519 .523 .588 .633 .650 .641 .581 .532 .305 .382 .495 .441

.3 .166 .166 .497 .674 .497 .466 .466 .550 .550 .586 .586 .502 .502 .298 .298 .418 .418



!2
inction

-~~~ý -ý . . 4 .

CL .4L w C. to

7 .9 6 A. . 9 5 .0 . .0 . 9 .94 .94

4 .7 .9 W. .9 .0 . 8 .9 .8 .90 0. .'A 8 .8 9

.4 .89 .93 .95 -.8 .988 .99 .60 .72 .99 .69 .99 .845 .956 *.977 U..01 a.9 78 .97 .82

2 .4 .7 97 -9 .4 L .3 .A 5 9 . .5 . .6 94 .7

23 .747 .83 ,87 -.6 .952 .993 .- 9 54 .964 a.0 .98 .72 .88 .935 .642 .97 .60 .9 .9
.5 .65 -.77 -.8 .5-0 .922 .98 .31 .47 .91 .415 .96 .668 .83 .90 .56 .94 -51 .- 7. .2

4~~ý ,4 4* a. .4 .4 .- 4 . 4 .S a a * a
.4j .4 4.- U'a .4I L

30 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
97 .986 .993 .995 .945 1.000 1.000 .855 .902 1.000 .898 1.000 .950 .995 .997 .943 1.000 .941 .997 .948
89 .949 .971 .979 .882 .996 1.000 .722 .809 .997 .795 .999 .898 .980 .990 .876 .998 .868 .988 .890
74 .893 .937 .953 .812 .988 .999 .600 .720 .991 .692 .996 .845 .956 .977 .801 .993 .785 .972 .828
52 .824 .891 .916 .737 .974 .997 .492 .635 .980 .594 .991 .788 .923 .959 .722 .984 .696 .948 .763
23 .747 .835 .870 .659 .952 .993 .396 .554 .964 .501 .981 .729 .882 .935 .642 .970 .606 .917 .694
85 .665 .771 .815 .580 .922 .986 .312 .477 .941 .415 .967 .668 .834 .904 .562 .948 .518 .878 .624
86 .997 .995 .993 1.000 .945 .855 1.000 1.000 .902 1.000 .898 .995 .950 .943 .997 .941 1.000 .948 .997
83 .983 .988 .988 .945 .945 .855 .855 .902 .902 .898 .898 .945 .945 .941 .941 .941 .941 .945 .945
75 .946 .966 .972 .882 .942 .855 .722 .809 .900 .794 .897 .893 .930 .933 .873 .939 .867 .936 .887
60 .890 .932 .946 .812 .934 .854 .600 .720 .894 .692 .894 .840 .906 .920 .798 .934 .784 .920 .826
38 .822 .886 .909 .737 .919 .852 .492 .635 .883 .594 .889 .783 .873 .902 .719 .925 .696 .896 .760
09 .744 .830 .863 .659 .897 .848 .395 .553 .866 .501 .880 .725 .832 .878 .639 .911 .606 .865 .692
72 .662 .766 .808 .579 .867 .841 .312 .476 .843 .415 .865 .663 .784 .848 .560 .889 .518 .825 .621
49 .989 .979 .971 .996 .882 .722 1.000 .997 .809 .999 .795 .980 .898 .876 .990 .868 .998 .890 .988
46 .975 .972 .932 .942 .882 .722 .855 .900 .809 .897 .794 .930 .893 .873 .933 .867 .939 .887 .936
38 .938 .950 .9') .878 .878 .722 .722 .806 .806 .794 .794 .878 .878 .866 .866 .866 .866 .878 .878
23 .882 .916 .0 4 .809 .871 .721 .600 .717 .801 .691 .791 .825 .854 .853 .791 .861 .783 .862 .817
01 .813 .870 o8 .734 .856 .719 .491 .632 .790 .593 .785 .769 .821 .834 .712 .852 .694 .839 .751
;71 .736 .814 .841 .656 .834 .715 .395 .551 .773 .500 .776 .710 .780 .810 .632 .837 .604 .807 .683
134 .654 .750 .786 .576 .804 .708 .312 .474 .750 .414 .762 .648 .732 .780 .552 .816 .516 .768 .612
193 .974 .953 .937 .988 .812 .600 .999 .991 .720 .996 .692 .956 .845 .801 .977 .785 .993 .828 .972
190 .960 .946 .932 .934 .812 .600 .854 .894 .720 .894 .692 .906 .840 .798 .920 .784 .934 .826 .920
182 .923 .924 .916 .871 .809 .600 .721 .801 .717 .791 .691 .854 .825 .791 .853 .783 .861 .817 .862
967 .867 .890 .890 .801 .801 .599 .599 .711 .711 .689 .689 .801 .801 .778 .778 .778 .778 .801 .801
745 .799 .844 .853 .726 .786 .597 .491 .626 .701 .590 .683 .744 .768 .760 .699 .769 .690 .777 .735
16 .721 .788 .807 .648 .764 .593 .395 .545 .684 .497 .674 .685 .727 .735 .619 .754 .600 .745 .667
078 .639 .724 .752 .568 .734 .587 .311 .468 .661 .411 .660 .624 .678 .705 .539 .733 .511 .706 .596

24 .952 .916 .891 .974 .737 .492 .997 .980 .635 .991 .594 .923 .788 .722 .959 .696 .984 .763 .948
322 .938 .909 .886 .919 .737 .492 .852 .883 .635 .889 .594 .873 .783 .719 .902 .696 .925 .760 .896
313 .901 .888 .870 .856 .734 .491 .719 .790 .632 .785 .593 .821 .769 .712 .834 .694 .852 .751 .839
199 .845 .853 .844 .786 .726 .491 .597 .701 .626 .683 .590 .768 .744 .699 .760 .690 .769 .735 .777

777 .777 .807 .807 .711 .711 .489 .489 .615 .615 .585 .585 .711 .711 .681 .681 .681 .681 .711 .711
147 .699 .751 .761 .633 .689 .485 .393 .534 .599 .492 .575 .652 .670 .656 .600 .666 .591 .680 .643
710 .617 .687 .706 .554 .659 .478 .309 .457 .576 .406 .561 .591 .622 .626 .521 .645 .502 .641 .572
747 .923 .870 .835 .952 .659 .396 .993 .964 .554 .981 .501 .882 .729 .642 .935 .606 .970 .694 .917
744 .909 .863 .830 .897 .659 .395 .848 .866 .553 .880 .501 .832 .725 .639 .878 .606 .911 .692 .865
736 .871 .841 .814 .834 .656 .395 .715 .773 .551 .776 .500 .780 .710 .632 .810 .604 .837 .683 .807
721 .816 .807 .788 .764 .648 .395 .593 .684 .545 .674 .497 .727 .685 .619 .735 .600 .754 .667 .745
599 .747 .761 .751 .689 .633 .393 .485 .599 .534 .575 .492 .670 .652 .600 .656 .591 .666 .643 .680
570 .670 .705 .705 .611 .611 .389 .389 .518 .518 .482 .482 .611 .611 .576 .576 .576 .576 .611 .611
533 .588 .641 .650 .532 .581 .382 .305 .441 .495 .396 .468 .550 .563 .546 .497 .555 .488 .572 .541
565 .885 .815 .771 .922 .580 .312 .986 .941 .477 .967 .415 .834 .668 .562 .904 .518 .948 .624 .878
562 .872 .808 .766 .867 .579 .312 .841 .843 .476 .865 .415 .784 .663 .560 .848 .518 .889 .621 .825
5q54 .834 .786 .750 .804 .576 .312 .708 .750 .474 .762 .414 .732 .648 .552 .780 .516 .816 .612 .768
539 .778 .752 .724 .734 .568 .311 .587 .661 .468 .660 .411 .678 .624 .539 .705 .511 .733 .596 .706
617 .710 .706 .687 .659 .554 .309 .478 .576 .457 .561 .406 .622 .591 .521 .626 .502 .645 .572 .641
588 .633 .650 .641 .581 .532 .305 .382 .495 .441 .468 .396 .563 .550 .497 .546 .488 .555 .541 .572
550 .550 .586 .586 .502 .502 .298 .298 .418 .418 .382 .382 .502 .502 .466 .466 .466 .466 .502 .502
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Table 21. Average Systm Proper Function Probabilities

nl-s

0 . T.1 a .S.15 OM-e<.2 0. .1 0- 2 022 =*.. 0I a-S .15 0<2;eo5 .2 05

." O.Sd<S.15 OS-dCS-.2 0<d<S.2 0 dS .1 __OSd.S.1 O dS-.1S .2

1:12181.1 .788 .702 .627 .627 .788 .894 .851 .813
lplplplpl-l .788 .702 .627 .788 .627 .682 .553 ."1
lplplplpl- 2  

.965 .932 .892 .963 .894 .948 .699 .840
lplplplpl-3 .994 .982 .962 .978 .978 .994 .962 .962
lplplplpl- 4  

.965 .932 .892 .894 .963 .982 .965 .9"
l(lplplpl) .935 .896 .853 .885 .903 .953 .919 .880
Ip(1i1d1i1) .933 .896 .853 .903 .885 .918 .873 .826
(lplpO)S(UIp) .974 .947 .913 .961 .926 .965 .930 .887
lul)p_(181) .974 .947 .913 .926 .961 .982 .964 .939
lsl)p] sC(pl) .979 .957 .927 .950 .957 .981 .960 .932
lpl)sp]p(lsl) .979 .957 .927 .957 .950 .978 .954 .922

1a(lpl))(lpl) .941 .906 .867 .874 .934 .969 .949 .925
lp(lsl)p(18) .941 .906 .867 .934 .874 '913 .863 .609
(181)plplpl .859 .794 .733 .858 .734 .788 .691 .600
(lpl)slsl l .859 .794 .733 .734 .858 .929 .897 .866
(lplpl)alaI .903 .855 .807 .812 .898 .950 .925 .897Slull)plpl .903 .855 .807 .898 .812 .855 .785 .717

ls1)pI•8181 .897 .845 .793 .795 .895 .948 .921 .694
Q Ipl)gJuplpl .897 .845 .793 .895 .795 .846 .769 .692

1s1)pIpl•sI .941 .906 .867 .888 .920 .962 .936 .904
1pl)1lslapl .941 .906 .867 .920 .888 .920 .876 .830

EIplpl)sl pl .935 .896 .853 .924 .864 .907 .853 .795
10181)p2J8l .935 .896 .853 .864 .924 .964 .939 .911

tpl)s(lpl)'pl .935 .896 .853 .931 .857 .904 .846 .764
11s)p(1] a1 .935 .896 .853 .897 .931 .967 .946 .922
:[(I1a)p~ pl .1 .941 .906 .867 .927 .881 .916 .870 .819

1p[(1p1)) .1 .941 .906 .867 .881 .927 .966 .942 .915

W8-0.67 WDI.133  
w1 =O.5 WD.1.5

181818141 .718 .604 .504 .504 .718 .682 .553 .441
lplplplpl-1 .858 .800 .750 .858 .750 .•94 .851 .813
lplplplpl-2 .977 .954 .926 .974 .929 .982 .965 .9"
Iplplplpl-3 .994 .982 .962 .973 .903 .994 .982 .962
lplplplpl-4 .954 .910 .857 .858 .953 .948 .899 .840
ls(lplpLpl) .924 .881 .835 .857 .902 .918 .873 .826
lp(1.18l81) .947 .911 .871 .904 .913 .953 .919 .MO
(Iplpl)o(lpl) .979 .938 .930 .962 .947 .982 .964 .939

Ill)p(1.1) .96 .936 .896 .904 .959 .965 .930 .687
1s1)pl38(lpl) .978 .955 .924 .939 .963 .978 .954 .922

pL)s,1Jp(1s1) .960 .959 .930 .950 .961 .981 .9W0 ,•
ls(lpl)s(lpl) .923 .878 .829 .833 .918 .913 .863 .809
ip( lul)p(1.1) .960 .934 .905 .950 .915 .969 .949 .925
(181)plplpl .905 .862 .821 .904 .822 .929 .697 .866
(lpl).lslal .812 .726 .645 .646 .812 .788 .691 .6600
(lplpl)SIS1 .871 .809 .748 .751 .668 .855 .765 .717
laIsl)plpl .934 .901 .867 .927 .674 .950 .925 .697
(1e1)pl 8ael .863 .795 .727 .728 .862 .646 .769 .692

lpl)al.lpl .931 .895 .859 .928 .863 .948 .921 .094
(Ial)plp I@ .927 .686 .642 .856 .913 .920 .876 .830

E(lpl)*l• p1 .953 .926 .892 .927 .919 .962 .936 .90d(lplpI)OI 1. .954 .924 ."91 .939, .906 .964 .939 .9111(I)pIl .917 .868 .615 .822 .909 .907 .853 .795
(tlpl) (1p)pl .956 .929 .696 .951 .904 .967 .946 .922

al1l)p(1a1)J1 .915 ."63 ."16 .810 .912 .904 .866 .784
1at(161)p1.) p1 .957 .930 .699 .939 .917 .9"6 .942 .915
IpB•[IpO)u1.alal .925 .62 .836 .645 .915 .916 .870 .819
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tion Probabilities

O1 e•e .2 OSe:S.1 0 -- e'Z .15 OT5e,___.2 005 eS_.1 01 T eS_.2 F5 e_5.1 0•__e 5 .5 15 O5e -S.2 0 e.. O0.<e S.2

.2 0Sd S.1 OSd S.1 OS d!S .15 O<: d --. 2 O:Sd:S .2 OSCS d .1 O5dS.1 OS dS.15 05 d"5 .2 O_ d_.2 0_d•_,S .1

WE=1.5 wD=0.5 wE=1.33 WU=0.67

.788 .894 .851 .813 .814 .894 .858 .800 .750 .750 .858

.627 .682 .553 .441 .682 .441 .718 .604 .504 .718 .504
S .894 .948 .899 .840 .947 .840 .954 .910 .857 .953 .858

.978 .994 .982 .962 .986 .970 .994 .982 .962 .983 .973

.963 .982 .965 .944 .947 .980 .977 .954 .926 .929 .974
S .903 .953 .919 .880 .928 .905 .947 .911 .871 .913 .904

.885 .918 .873 .826 .902 .842 .924 .881 .835 .902 .857
1 .926 .965 .930 .887 .959 .893 .968 .936 .896 .959 .904

S .961 .982 .964 .939 .958 .963 .979 .958 .930 .947 .962
.957 .981 .960 .932 .966 .947 .980 .959 .930 .961 .950

7 .950 .978 .954 .922 .966 .933 .978 .955 .924 .963 .939
.934 .969 .949 .925 .936 .959 .960 .934 .905 .915 .950
.874 ;913 .863 .809 .910 .812 .923 .878 .829 .918 .833

3 .734 .788 .691 .600 .788 .601 .812 .726 .645 .812 .646
.858 .929 .897 .866 .867 .928 .905 .862 .821 .822 .904

2 .898 .950 .925 .897 .905 .943 .934 .901 .867 .874 .927
3 .812 .855 .785 .717 .853 .719 .871 .809 .748 .868 .751
5 .895 .948 .921 .894 .897 .944 .931 .895 .859 .863 .928
5 .795 .846 .769 .692 .845 .694 .863 .795 .727 .862 .728
3 .920 .962 .936 .904 .936 .931 .955 .926 .892 .919 .927
3 .888 .920 .876 .830 .909 .840 .927 .886 .842 .913 .856

..864 .907 .853 .795 .902 .800 .917 .868 .815 .909 .822
S .924 .964 .939 .911 .928 .947 .954 .924 .891 .906 .939

1 .857 .904 .846 .784 .902 .786 .915 .863 .808 .912 .810
7 .931 .967 .946 .922 .928 .961 .956 .929 .898 .904 .951
7 .881 .916 .870 .819 .909 .826 .925 .882 .836 .915 .845
1 .927 .966 .942 .915 .936 .945 .957 .930 .899 .917 .939

W E=0.5 W D=1.5

4 .718 .682 .553 .441 .441 .682
8 .750 .894 .851 .813 .894 .814
4 .929 .982 .965 .944 .980 .947
3 .983 .994 .982 .962 .970 .986
8 .953 .948 .899 .840 .840 .947
7 .902 .918 .873 .826 .842 .902
4 .913 .953 .919 .880 .905 .928
2 .947 .982 .964 .939 .963 .958
4 .959 .965 .930 .887 .893 .959
9 .963 .978 .954 .922 .933 .966
0 .961 .981 .960 .932 .947 .966
3 .918 .913 .863 .809 .812 .910
0 .915 .969 .949 .925 .959 .936
4 .822 .929 .897 .866 .928 .867
6 .812 .788 .691 .600 .601 .788
1 .868 .855 .785 .717 .719 .853
7 .874 .950 .925 .897 .943 .905
8 .862 .846 .769 .692 .694 .845
8 .863 .948 .921 .894 .944 .897
6 .913 .920 .876 .830 .840 .909
7 .919 .962 .936 .904 .931 .936
9 .906 .964 .939 .911 .947 .928
.2 .909 .907 .853 .795 .800 .902
1 .904 .967 .946 .922 .961 .928
0 .912 .904 .846 .784 .786 .902
9 .917 .966 .942 .915 .945 .936
6 .915 .916 .870 .819 .826 .909
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Table 23. Average System Probability of Proper Function
(Average Based on Increments of .05 in Probability)

For n Identical Parallel Channels of Which at Least k
Must Function in Order For The System to Function

0 : e S I W e<___.15 05 o<e_ ..2 O!__e. 0:<e .2
(kn) 0 d !S-.l O1---d !.15 O--5d -5.2 O---d -5.2 0'd ! .

W E=W D=1
(3,5) .994 .982 .962 .978 .978
(3,6) .994 .982 .962 .989 .967
(4,6) .994 .982 .962 .967 .989
(4,7) .998 .992 .981 .989 .989
(4,8) .998 .992 .981 .995 .983
(5,8) .998 .992 .981 .983 .995

(5,9) .999 .997 .990 .994 .994

WE=1.5 WD=0.5

(3,5) .994 .982 .962 .986 .970
(3,6) .991 .975 .948 .989 .950
(4,6) .996 .989 .976 .983 .990
(4,7) .998 .992 .981 .994 .985
(4,8) .997 .990 .974 .996 .975
(5,8) .999 .995 .988 .991 .995
(5,9) .999 .997 .990 .997 .992

W E=1.33 W D=0.67

(3,5) .994 .982 .962 .983 .973
(3,6) .992 .977 .953 .989 .956
(4,6) .995 .987 .972 .977 .990
(4,7) .998 .992 .981 .992 .986
(4,8) .998 .991 .976 .996 .978
(5,8) .999 .994 .985 .989 .995
(5,9) .999 .997 .990 .996 .993

WE=0. 6 7 W D=1.33

(3,5) .994 .982 .962 .973 .983
(3,6) .995 .987 .972 .990 .977
(4,6) .992 .977 .953 .956 .989
(4,7) .998 .992 .981 .986 .992
(4,8) .999 .994 .985 .995 .989
(5,8) .998 .991 .976 .978 .996
(5,9) .999 .997 .990 .993 .996

W E=0.5 W D=. 5

(3,5) .994 .982 .962 .970 .986
(3,6) .996 .989 .976 .990 .983
(4,6) .991 .975 .948 .950 .989
(4,7) .998 .992 .981 .985 .994
(4,8) .999 .995 .988 .995 .991
(5,8) .997 .990 .974 .975 .996
(5,9) .999 .997 .990 .992 .997
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